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LONG-TERM GOAL

Evaluationandimprovementof adaptive observationtechniquesthataimat improving weatherfore-
castsin therange0–5dayswith aparticularfocusonsevereweatherevents.

OBJECTIVES

A) attendworkshoponpredictability, April 23–25,Monterey CA

B) attendTHORPEXplanningmeeting,April 26–27,Monterey CA

C) attendDRI predictabilityworkshop,May 3–4,Boston,MA

APPROACH

Predictability workshop, Monterey: Thepurposeof thepredictabilityworkshopin Monterey was
to summarizecurrentknowledgeand to identify openquestions.ChuckLeith gave a review talk
summarizingthehistoryof predictability. He focussedon estimatesof predictabilityobtainedfrom
turbulencetheory. The meetingcomprisedsessionson (1) characteristicsof initial perturbations
that influencepredictability(facilitatedby Jeff Anderson),(2) rateof perturbationgrowth for vari-
ousfields(facilitatedby Martin Ehrendorfer),(3) characteristicscalesandscaleinteractionof error
growth (facilitatedby Dave Baumhefner),(4) mechanismsof errorgrowth (IslaGilmour), (5) model
error (facilitated by Dave Stensrud),(6) ensemblegenerationand utilization (facilitated by Steve
Tracton),(7) optimizationof observingstrategiesandtargeting(facilitatedby Rolf Langland),(8)
definition of meaningfulNWP goals(facilitatedby Ron Errico). A summarypaperof this work-
shopwill be published.RonErrico is writing a first draft which will becirculatedto all workshop
participantsfor input.

In session1, the necessityto constraininitial perturbationsin probalisticforecastswasdiscussed.
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We know little abouttheslow manifold for realisticNWP models,especiallyaboutbalancesin the
physicalprocessessuchasconvection.This limits our ability to formulateappropriateconstraints.

Thequestionwasraisedwhethertherearetechniquesof samplingtheinitial pdf whichareespecially
suitablefor probabilisticforecastsof “extremeevents”. In thediscussion,severaldifferentdefinitions
of “extremeevents”werecollected:(i) a severeweatherevent,e.g. a stormcausingcasualties,(ii)
rareeventwith respectto climatology, (iii) unlikely eventgiventheinitial pdf, (iv) anevent in which
extremelimits of themodelphysicsareencountered.Theoptimalstrategy of probabilisticforecasting
will dependon theadopteddefinitionof anextremeevent.

Session2 revolvedaroundtheLorenzdiagrammeshowing forecasterrorgrowth andintrinsic error
growth determinedfrom laggedforecasts. Martin Ehrendorfershowed latestresultsfrom Adrian
Simmons(ECMWF). The error doubling time for 500 hPa height decreasedto a value of about
1.5 daysin the early 90’s andstayedaroundthis level since. AndersPerssonpointedout that the
errorgrowth is linked to theactivity of themodel. Underactive (overactive) modelsareexpectedto
exhibit a larger(smaller)errordoublingtime. Errordoublingtimesfor otheroperationalmodelswere
notknown. Theconceptof anerrordoublingtimewasquestionedasthegrowth curvedeviatesfrom
anexponentialat small forecastranges.Anotherimportantaspectthatdeservesattentionis thecase
to casevariability of thepredictabilitytimescale.For many applicationsanaveragevalueovermany
casesmaybeirrelevant.

In session3, it wasnotedthat errorswith very differentspatialscalescausesimilar forecasterrors
(in spectralspace)at a forecastleadtime of

���
days. However, it seemsdifficult to disentangle

thecontribution of errorat differentscalesasany large scaleerrorwill causesmall scaleerrorsby
advectionerrorsof small scalefeatures.Errorsareoften geographicallylocalizedwhich is missed
by the spectraldescription.Isla Gilmour presentedevidencefrom � -statisticsthat theerrorgrowth
becomesnonlinearalreadyat the 1 day rangein localizedregions. Furthermore,it wasdiscussed
whetherthereis a generaldefinition of a limit of predictability. The rangeof forecasttimesover
which a forecastwill be usefulis userdependent.If the forecastcontainsthe sameinformationas
climatologyit will beuselessfor everybody.

In session4, thediscussionabouta linearphaseof errorgrowth wascontinued.Thereseemsto bea
paradoxregardingtheapparentsuccessof targetingobservations.Nonlinearityof perturbationgrowth
is expectedto beimportantalreadyafter1 dayaccordingto Isla Gilmour’s results.Currenttargeting
approachesassumelinear perturbationgrowth over a typical rangeof 2 days. It was speculated
whetherthe linear approximationmay be still useful to describeerror growth even if error growth
becomesnonlinear.

Thediscussionof session5 covereddifferentattemptsto estimatemodelerrorandtheirshortcomings
(drift vectors,initial tendency errors,deviation of model climate from observed climate). Lenny
Smithremarkedthattheattempttoseperatemodelerrorfrom initial conditionerroris linearreasoning
asabettermodelresultsin smallerinitial conditionerrorvia thefirst guessfieldswhichbecomemore
accurate.Theinability to find ashadowing trajectorysetsalimit to 4dvarassimilationperiods(Lenny
Smith)but is notnecessarilya proof thatashadowing trajectorydoesnotexist asthesearchmayfail
dueto anincreasinglycomplex topographyof thecostfunctionwhentheperiodis extended(Martin
Leutbecher).
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In session6, it wasrecommendedto formulateasappropriategoal to supplyuseful(probabilistic)
forecastsratherthanreliableforecasts.In session7, AndersPerssonstressedthe role of datamon-
itoring: forecastbustsmay be dueto lack of observations,but alsodueto erroneousobservations
acceptedin theassimilation.OSSEswereseenasa methodto identify critical gapsin theobserving
system.A joint projectof NCEP/NASA wasmentioned,thataimsatverifying anOSSEsystem.

Mel Shapiroshowedfieldssubjectively analysedfrom soundingdataata spatialresolutionof 30 km
obtainedduring recentfield experimentsover the Pacific. There is evidencefor a large error of
representativenessand considerabledeviation from geostrophicbalance. Craig Bishop suggested
thattheerrorof representativenessis largenearfeaturessuchasfronts.

DaveBaumhefnershowedresultsof numericalexperimentswith ensemblesthatassessthefeasibility
of targetingobservationsin the nonlinearregime of perturbationgrowth. Two ensemblesarecom-
paredthat are identical in the initial perturbationsexcept in a localizedregion. In this region the
initial error is setto zeroin oneensemble.Thelocal improvementof theinitial conditionsresultsin
increasedcertaintythatmovesdownstreambut later(after3 days)alsoregionswith increaseduncer-
tainty appear. At a rangeof 5 days,regionswith increaseduncertaintycover aboutthesameareaas
regionswith reduceduncertainty.

Thorpex Planning Meeting: Thepurposeof theTHORPEXmeetingwasto initiate thepreparation
of a scienceplanfor theproject.The2 daymeetingwascomposedof a seriesof shortpresentations
anddiscussionsthat contributedscientificissuesrelevant for THORPEX.The meetingwaschaired
by Bob Gall andAlan Thorpe.

Dave Baumhefnerpresentedtheassessmentof locally improving theinitial conditionsusingensem-
bles (seeabove). In the discussion,Chris Snyder suggesteda strategy that optimally reducesthe
uncertaintyof theanalysisto improve theskill for several forecastrangesanddifferentverification
regions. GeorgeKiladis spokeaboutthetropicalextratropicalinteractionin thePacific wave guide.
In thediscussion,numericalexperimentswereproposedto assesstheimpactof moisturein theITCZ
on subsequentdownstreamdevelopment. Clif f Masspresentedan evaluationof differentanalyses
basedon comparisonwith observations. Nancy Bakerspokeaboutthe sensitivity to observations.
High valuesof sensitivity indicatea largesensitivity to observationalerror. Therefore,intermediate
valuesof thesensitivity arepreferable.An objective methodto determinetheoptimal intermediate
valuehasyet to bedetermined.Martin Leutbecherpresentedresultson observationtargetingbased
on singularvectors. In thediscussion,ChrisSnyder proposedto distribute theobservationsalsoin
time. (possibletechniques,Phil Merrilees: partially evolved singularvectors;Craig Bishop: com-
binationof EnsembleTransformKalmanFilter andsingularvectors). Zoltan Toth showed results
from the WSRPexperiments.Chris Snyder proposedresearchon ensembleKalmanfiltering. He
estimatedthata testwith anoperationalmodelis possiblewith moderateressources(in contactwith
Jeff AndersonandCraigBishop).

FrancoisGerardspokeabouttheEUCOSperspective. Nationalweatherservicesin Europearepri-
marily interestedin upgradesof theobservingnetworkthat leadto improvementsof theEuropean
forecastin therangeup to threedays.He showedplansto increasethenumberof automatedsound-
ings releasedfrom cargo shipsto about25 per day on the Atlantic. The aim is to concentratethe
soundingsin regionsthatarelikely to besensitiveusingseasonallyaveragedadjointsensitivities. Jim
Purdomsketchedqualitiesof currentandfuturesatelliteobservingsystems.Phil Merrilespointedout
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thatTHORPEXmaybeanopportunityto comparesatelliteobservationswith in situ observationsto
learnmoreabouttheerrorcharacteristicsof thedifferentinstrumentsover theoceans.ThierryPulpin
presentedthedevelopmentof an active driftsondewhich couldbe steeredby changingthe level of
theballoonexploiting directionalwind shear. Theplatformwould beavailablein 2005.Currentlyit
is plannedto observe around10 casesin a 3 monthperiodwith up to 5 balloonsoperatingin each
case.The positionandfrequency of the dropscould be influenced.Hal Cole gave an overview of
thedriftsondedevelopedjointly by NCAR/ATD andVaisala. Testflights arescheduledfor August
2001from Tillanook,OregonandSeptember2001from Hawai. Thefrequency of thedropscouldbe
influenced.RolandStull presentedthe rocketsondeproject. With this system,soundingswould be
obtainedin theeastPacific twice daily at a horizontalspacingof about900km. TadMcGeerspoke
aboutprogressin thedevelopmentof theaerosonde.Therangeof this platform couldbe improved
by launchingit from ships.Thequality of wind velocity measurementsobtainedwith this platform
wasquestionedby Mel Shapiro.Eachwind velocity measurementrequiresto fly anS-shapedtrack.
Mel Shapiropresentedexamplesof unbalancedmotion and large small scalevariability observed
over thePacific(seeabove). HeenvisagedthatfuturespaceborneLasercouldprovideaccuratecloud
top heights,which couldbeusedto improve theaccuracy of theheightassignmentof cloudmotion
winds. In the discussionZoltan Toth mentionedthat NCEPis working on accountingfor thehori-
zontaldrift of radiosondesin theassimilationsystem(thehorizontaldrift canbeaslargeas200km
in thestratosphere).

RogerPielkefacilitateda discussionon theverificationof the impact. Kerry Emanualproposedto
useastandardcost-benefitanalysisto optimizetheobservingnetwork.

DRI predictability meeting, MIT: The DRI meetingfocussedon the themes(i) perspectives of
predictability, (ii) ensembleforecastingand(iii) dataassimilation. In session(i), RogerSamelson
spokeaboutFloquetvectorsand Lyapunov vectorsand PrashantSardeshmukhpresenteda linear
stochasticview of climatevariability andpredictability. In session(ii), Tim Palmerillustratedaspects
of ensembleforecastingfor theatmospherewith resultsfrom ECMWF. Denny Kirwanshowedresults
from ensemblesof Lagrangiancharacterizationsof theoceansurfaceflow. In session(iii), RonErrico
andAndrew Bennettspokeaboutdataassimilationwith anemphasison theatmosphereandocean,
respectively.

In thecomplementarypostersessionI presentedfirst resultson Hessiansingularvectorscomputed
for differentmodificationsof theobservingnetwork. I discussedwith CarolyneReynoldsandCraig
Bishopwhetherthesingularvaluespectrafor thedifferentobservingnetworkswould bea measure
of the expectedforecasterror. And how this presumedlink could be investigatedvia datadenial
experiments.

4



TRAVEL COMPLETED

Table: Summary of visits conducted under this VSP.
PersonVisited Position Inst./Conf. Location S/T Purpose Dates
Rolf Langland Scientist NRL Monterey CA pred.workshop 04/23–25/01
Rolf Langland Scientist THORPEX Monterey CA meeting 04/26–27/01
ScottSandgate DRI Manager ONR/DRI BostonMA workshop 05/03–04/01

RESULTS

predictability workshop Monterey: Viewsaboutourcurrentunderstandingof fundamentalissuesin
predictabilityof theatmospherewereexchanged.Areasin whichwelackknowledgewereidentified:
characterizationof theslow manifold;relevanceof nonlinearityfor forecasterrorgrowth in theearly
range;identificationof modelerror/ its relevance/its representationin probabilisticforecasts;the
characterizationof analysiserrors.

THORPEX meeting: The main aim of THORPEXappearsto be the evaluationof an upgradeof
theroutineobservingnetwork.Thestatusof differentcandidateobservingplatformsfor thisupgrade
waspresented.Theobjective in forecastskill improvementenvisagedby theUScommunityis broad
(hemispheric,up to 10 days).Demandsat thenationalweatherservicesin Europearemorespecific
(improvementfor Europein therangeup to 3 days).Supplementaryin situobservationsmayalsobe
usedto characterizebackground/analysiserrors,studyerrorsof satelliteinstrumentsover theoceans.

DRI predictability meeting: Themutualunderstandingof thescientificissuesonwhichthedifferent
groupsin theDRI work wasimproved.

IMPACT/APPLICATIONS

Resultsof work thatTim PalmerandI presentedat theDRI workshopaboutsingularvectorscom-
putedwith Hessianmetric received great interest. Furtherexperimentswill be set up to address
questionsraisedat themeeting( spatialresolution,roleof backgrounderrorcovariances,structureof
singularvectorsin othercases)

Mel ShapiroandI considerto collaborateonstudyingtheimpactof representativenesserrorof drop-
sondeobservationsusingexisting datasetswith closelyspacedsoundings.

TRANSITIONS

Improvementsin predictingthe weatherare desirablefor a variety of applications. Researchon
predictabilityenablesto definerealistic goalsfor weatherforecasting. Intelligent upgradesof the
observingnetworkmaybeanefficientway to achievecertainforecastingobjectives.

RELATED PROJECTS

TheHemisphericObservingSystemResearchandPredictabilityExperiment(THORPEX,
www.nrlmry.navy.mil/˜langland/THORPEXdocument/Thorpex plan.htm)
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